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,QWHUQDWLRQDO&RQIHUHQFHRQ)XWXUH&RPSXWHU6XSSRUWHG(GXFDWLRQ
)DFH5HFRJQLWLRQZLWK/HDUQLQJEDVHG'HVFULSWRU
/LDQ3DQDEFˈ;LQ3HQJDEF
D&ROOHJHRI,QIRUPDWLRQ6FLHQFHDQG(QJLQHHULQJ:XKDQ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\:XKDQ&KLQD
E5HVHDUFK&HQWHURI*UHHQ0DQXIDFWXULQJDQG(QHUJ\6DYLQJ	(PLVVLRQ5HGXFWLRQ7HFKQRORJ\LQ
:XKDQ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\:XKDQ&KLQD
F+XEHL3URYLQFH.H\/DERUDWRU\RI6\VWHPV6FLHQFHLQ0HWDOOXUJLFDO3URFHVV:XKDQ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
:XKDQ&KLQD

$EVWUDFW
:HSUHVHQWDQRYHODSSURDFKWRDGGUHVVWKHUHSUHVHQWDWLRQLVVXHDQGWKHPDWFKLQJLVVXHLQIDFHUHFRJQLWLRQ)LUVWO\RXU
DSSURDFK HQFRGHV WKH PLFURVWUXFWXUHV RI WKH IDFH E\ D QHZ OHDUQLQJEDVHG HQFRGLQJ PHWKRG8QOLNH PDQ\ SUHYLRXV
PDQXDOO\ GHVLJQHG HQFRGLQJPHWKRGV ZH XVH XQVXSHUYLVHG OHDUQLQJ WHFKQLTXHV WR OHDUQ DQ HQFRGHU IURP WKH WUDLQLQJ
H[DPSOHVZKLFK FDQ DXWRPDWLFDOO\ DFKLHYHYHU\ JRRG WUDGHRII EHWZHHQGLVFULPLQDWLYHSRZHU DQG LQYDULDQFH7KHQZH
DSSO\ 3&$ WR JHW D FRPSDFW IDFH GHVFULSWRU:H ILQG WKDW D VLPSOH QRUPDOL]DWLRQ PHFKDQLVP DIWHU 3&$ FDQ IXUWKHU
LPSURYH WKH GLVFULPLQDWLYH DELOLW\ RI WKH GHVFULSWRU 7KH UHVXOWLQJ IDFH UHSUHVHQWDWLRQ OHDUQLQJEDVHG GHVFULSWRU LV
FRPSDFWKLJKO\GLVFULPLQDWLYHDQGHDV\WRH[WUDFW
7RKDQGOHWKHODUJHSRVHYDULDWLRQLQUHDOOLIHVFHQDULRVZHSURSRVHDSRVHDGDSWLYHPDWFKLQJPHWKRGWKDWXVHV
SRVHVSHFLILFFODVVLILHUVWRGHDOZLWKGLIIHUHQWSRVHFRPELQDWLRQVRIWKHPDWFKLQJIDFHSDLU2XUDSSURDFKLVFRPSDUDEOH
ZLWK WKH VWDWHRIWKHDUW PHWKRGV RQ WKH /DEHOHG )DFH LQ :LOG /): EHQFKPDUN ZKLOH PDLQWDLQLQJ H[FHOOHQW
FRPSDFWQHVVVLPSOLFLW\DQGJHQHUDOL]DWLRQDELOLW\DFURVVGLIIHUHQWGDWDVHWV

#3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV)DFH5HFRJQLWLRQ/HDUQLQJEDVHG'HVFULSWRU3ULQFLSOH&RPSRQHQW$QDO\VLV
,QWURGXFWLRQ
5HFHQWO\IDFHUHFRJQLWLRQKDVDWWUDFWHGPXFKUHVHDUFKHIIRUWGXHWRWKHSURJUHVVHVRIORFDOGHVFULSWRUV>@
DQG LQFUHDVLQJ GHPDQGV RI UHDOZRUOG DSSOLFDWLRQV VXFK DV IDFH WDJJLQJ RQ WKH GHVNWRS>@ RU WKH ,QWHUQHW
7KHUHDUHWZRPDLQNLQGVRIIDFHUHFRJQLWLRQWDVNVIDFHLGHQWLILFDWLRQZKRLVZKRLQDSUREHIDFHVHWJLYHQD
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JDOOHU\ IDFH VHW DQG IDFH YHULILFDWLRQ VDPH RU QRW JLYHQ WZR IDFHV ,Q WKLV SDSHU ZH IRFXV RQ WKH
YHULILFDWLRQWDVNZKLFKLVPRUHZLGHO\DSSOLFDEOHDQGLVDOVRWKHIRXQGDWLRQRIWKHLGHQWLILFDWLRQWDVN6LQFH
IDFHYHULILFDWLRQLVDELQDU\FODVVLILFDWLRQSUREOHPRQDQLQSXWIDFHSDLUWKHUHDUHWZRPDMRUFRPSRQHQWVRID
YHULILFDWLRQDSSURDFKIDFHUHSUHVHQWDWLRQDQGIDFHPDWFKLQJ7KHH[WUDFWHGIHDWXUHGHVFULSWRULVUHTXLUHGWR
EHQRWRQO\GLVFULPLQDWLYHEXWDOVRLQYDULDQWWRDSSDUHQWFKDQJHVDQGQRLVH7KHPDWFKLQJVKRXOGEHUREXVWWR
YDULDWLRQV IURP SRVH H[SUHVVLRQ DQG RFFOXVLRQ DV VKRZQ LQ )LJXUH  7KHVH UHTXLUHPHQWV UHQGHU IDFH
YHULILFDWLRQDFKDOOHQJLQJSUREOHP
&XUUHQWO\GHVFULSWRUEDVHGDSSURDFKHVGHVFULSWRUEDVHGDSSURDFKHVKDYHEHHQSURYHQWREHHIIHFWLYHIDFH
UHSUHVHQWDWLRQV SURGXFLQJ EHVW SHUIRUPDQFH >@$KRQHQ HW DO >@ SURSRVHG WR XVH WKH KLVWRJUDP RI /RFDO
%LQDU\ 3DWWHUQ /%3 WR GHVFULEH WKH PLFURVWUXFWXUHV RI WKH IDFH /%3 HQFRGHV WKH UHODWLYH LQWHQVLW\
PDJQLWXGHEHWZHHQHDFKSL[HODQGLWVQHLJKERULQJSL[HOV,WLVLQYDULDQWWRPRQRWRQLFSKRWRPHWULFFKDQJHDQG
FDQEHHIILFLHQWO\H[WUDFWHG6LQFH/%3LVHQFRGHGE\DKDQGFUDIWHGGHVLJQPDQ\/%3YDULHWLHVKDYHEHHQ
SURSRVHG WR LPSURYH WKHRULJLQDO/%36,)7RU+LVWRJUDPRI2ULHQWHG*UDGLHQWV +2*DUHRWKHUNLQGVRI
HIIHFWLYHGHVFULSWRUVXVLQJKDQGFUDIWHGHQFRGLQJ7KHDWRPLFHOHPHQW LQ WKHVHGHVFULSWRUVFDQEHYLHZHGDV
WKHTXDQWL]HG FRGHRI WKH LPDJHJUDGLHQWV(VVHQWLDOO\ GLIIHUHQW HQFRGLQJPHWKRGV DQGGHVFULSWRUV KDYH WR
EDODQFHEHWZHHQWKHGLVFULPLQDQWSRZHUDQGWKHUREXVWQHVVDJDLQVWGDWDYDULDQFH
+RZHYHUH[LVWLQJKDQGFUDIWHGHQFRGLQJPHWKRGVVXIIHUWZRGUDZEDFNV2QRQHKDQGPDQXDOO\JHWWLQJDQ
RSWLPDO HQFRGLQJPHWKRG LV GLIILFXOW8VXDOO\ XVLQJPRUH FRQWH[WXDO SL[HOV KLJKHU GLPHQVLRQYHFWRU FDQ
JHQHUDWH D PRUH GLVFULPLQDWLYH FRGH %XW LW LV QRQWULYLDO WR PDQXDOO\ GHVLJQ DQ HQFRGLQJ PHWKRG DQG
GHWHUPLQHWKHFRGHERRNVL]HWRDFKLHYHUHDVRQDEOHWUDGHRIIEHWZHHQGLVFULPLQDWLRQDQGUREXVWQHVVLQDKLJK
GLPHQVLRQVSDFH,QDGGLWLRQKDQGFUDIWHGFRGHVDUHXVXDOO\XQHYHQO\GLVWULEXWHGDVVKRZQLQ)LJXUH6RPH
FRGHV PD\ UDUHO\ DSSHDU LQ UHDOOLIH IDFH LPDJHV ,W PHDQV WKDW WKH UHVXOWLQJ FRGH KLVWRJUDP ZLOO EH OHVV
LQIRUPDWLYHDQGOHVVFRPSDFWGHJUDGLQJWKHGLVFULPLQDQWDELOLW\RIWKHGHVFULSWRU
7RH[SOLFLWO\KDQGOHODUJHSRVHYDULDQFHZHSURSRVHDSRVHDGDSWLYHPDWFKLQJPHWKRG:HIRXQGWKDWD
VSHFLILFIDFHFRPSRQHQWFRQWULEXWHVGLIIHUHQWO\ZKHQWKHSRVHFRPELQDWLRQVRILQSXWIDFHSDLUVDUHGLIIHUHQW
%DVHGRQWKLVREVHUYDWLRQZHWUDLQDVHWRISRVHVSHFLILFFODVVLILHUVHDFKIRURQHVSHFLILFSRVHFRPELQDWLRQ
WRPDNH WKH ILQDO GHFLVLRQ &RPELQLQJ D SRZHUIXO OHDUQLQJEDVHG GHVFULSWRU DQG D SRVHDGDSWLYHPDWFKLQJ
VFKHPHRXUV\VWHPDFKLHYHVWKHOHDGLQJSHUIRUPDQFHRQERWKWKH/):DQGWKH0XOWL3,(>@EHQFKPDUNV

)LJ,PDJHVIURPWKHVDPHSHUVRQPD\ORRNTXLWHGLIIHUHQWGXHWRSRVH
2YHUYLHZRIIUDPHZRUN
2XU V\VWHP LV D WZROHYHO SLSHOLQHWKH XSSHUOHYHO LV WKH OHDUQLQJEDVHG GHVFULSWRU SLSHOLQH ZKLOH WKH
ERWWRPOHYHOLVWKHSRVHDGDSWLYHIDFHPDWFKLQJSLSHOLQHRE
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:HILUVWXVHDVWDQGDUGILGXFLDOSRLQWGHWHFWRUWRH[WUDFWIDFHODQGPDUNV1LQHGLIIHUHQWFRPSRQHQWVHJ
QRVHPRXWK DUH DOLJQHG VHSDUDWHO\ EDVHGRQGHWHFWHG ODQGPDUNV7KH UHVXOWLQJ FRPSRQHQW LPDJHV DUH IHG
LQWR D 'R* ILOWHU WR UHPRYH ERWK ORZIUHTXHQF\ DQG KLJKIUHTXHQF\ LOOXPLQDWLRQ YDULDWLRQV ,Q HDFK
FRPSRQHQW LPDJH D ORZOHYHO IHDWXUHYHFWRU LV REWDLQHG DW HDFK SL[HO DQG HQFRGHG E\ RXU OHDUQLQJEDVHG
HQFRGHU 7KH ILQDO FRPSRQHQW UHSUHVHQWDWLRQ LV D FRPSDFW GHVFULSWRU /( GHVFULSWRU JHQHUDWHG E\ WKH
FRQFDWHQDWHGSDWFKKLVWRJUDPRIWKHHQFRGHGIHDWXUHVDIWHU3&$UHGXFWLRQDQGQRUPDOL]DWLRQ7KHFRPSRQHQW
VLPLODULW\LVPHDVXUHGE\/GLVWDQFHEHWZHHQFRUUHVSRQGLQJ/(GHVFULSWRUVRIWKHIDFHSDLU7KHUHVXOWLQJ
FRPSRQHQW VLPLODULW\ VFRUHV DUH IHG LQWR D SRVHDGDSWLYH FODVVLILHU FRQVLVWLQJ RI D VHW RI SRVHVSHFLILF
FODVVLILHUV7KHSRVHVSHFLILFFODVVLILHURSWLPL]HGWRWKHSRVHFRPELQDWLRQRIWKHPDWFKLQJSDLUJLYHVWKHILQDO
GHFLVLRQ

)LJ7KHFRGHXQLIRUPLW\FRPSDULVRQRI/%3+2*DQGWKHSURSRVHG/(FRGH
:HPDLQO\XVHWKH/):EHQFKPDUNLQRXUH[SHULPHQWVDQGIROORZWKHLUSURWRFRO7KH/):VWDQGDUGWHVW
VHWFRQVLVWVRI WHQ VXEVHWVDQGHDFKVXEVHWFRQWDLQV LQWUDSHUVRQDOH[WUDSHUVRQDOSDLUV7KHUHFRJQLWLRQ
DOJRULWKPQHHGVWRUXQWHQWLPHVIRUIRUPDOHYDOXDWLRQSXUSRVH$WHDFKWLPHRQHVXEVHWLVFKRVHQIRUWHVWLQJ
DQGWKHRWKHUQLQHDUHXVHGIRUWUDLQLQJ7KHILQDODYHUDJHUHFRJQLWLRQSHUIRUPDQFHVHUYHVDVWKHHYDOXDWLRQ
FULWHULRQ
/HDUQLQJEDVHGGHVFULSWRUH[WUDFWLRQ
,QWKLVVHFWLRQZHGHVFULEHWKHFULWLFDOVWHSVLQWKHOHDUQLQJEDVHG/(GHVFULSWRUH[WUDFWLRQ ,QRUGHUWR
VWXG\ WKH/(GHVFULSWRU¶VSRZHUSUHFLVHO\ DOO WKHH[SHULPHQWV LQ WKLV VHFWLRQDUHFRQGXFWHG LQKROLVWLF IDFH
OHYHOZLWKRXWXVLQJFRPSRQHQWOHYHOSRVHDGDSWLYHPDWFKLQJRE
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6DPSOLQJDQGQRUPDOL]DWLRQ
$WHDFKSL[HOZHVDPSOHLWVQHLJKERULQJSL[HOVLQWKHULQJEDVHGSDWWHUQWRIRUPDORZOHYHOIHDWXUHYHFWRU
:HVDPSOHUSL[HOVDWHYHQLQWHUYDOVRQWKHULQJRIUDGLXVU)LJXUHVKRZVIRXUHIIHFWLYHVDPSOLQJSDWWHUQV
ZH IRXQG LQ DQ HPSLULFDO PDQQHU:H H[WHQVLYHO\ YDULHG WKH SDUDPHWHUV HJ ULQJ QXPEHU ULQJ UDGLXV
VDPSOLQJQXPEHURIHDFKULQJEXWIRXQGWKHGLIIHUHQFHVDPRQJJRRGSDWWHUQVDUHQRWVLJQLILFDQW QRPRUH
WKDQRQWKH/):EHQFKPDUN7KHQGSDWWHUQLQ)LJXUHLVRXUEHVWVLQJOHSDWWHUQDQGZHXVHLWDVRXU
GHIDXOWVDPSOLQJPHWKRG
$OWKRXJKWKHSHUIRUPDQFHVRIVLQJOHSDWWHUQVDUHVLPLODUFRPELQLQJWKHPWRJHWKHUPD\JLYHXVDFKDQFHWR
H[SORLW WKHFRPSOHPHQWDU\ LQIRUPDWLRQFDSWXUHGE\GLIIHUHQWVDPSOLQJPHWKRGV:HZLOOGLVFXVV WKHXVHRI
PXOWLSOHSDWWHUQVODWHULQWKLVVHFWLRQ
$IWHU WKH VDPSOLQJ ZH QRUPDOL]H WKH VDPSOHG IHDWXUH YHFWRU LQWR XQLW OHQJWK 6XFK QRUPDOL]DWLRQ
FRPELQHGZLWK'R*SUHSURFHVVLQJPDNHVWKHIHDWXUHYHFWRULQYDULDQWWRORFDOSKRWRPHWULFDIILQHFKDQJH

)LJ)RXUW\SLFDOVDPSOLQJPHWKRGVXVHGLQRXUH[SHULPHQWV
/HDUQLQJEDVHGHQFRGLQJDQGKLVWRJUDPUHSUHVHQWDWLRQ
1H[WDQHQFRGLQJPHWKRG LVDSSOLHG WRHQFRGH WKHQRUPDOL]HGIHDWXUHYHFWRU LQWRGLVFUHWHFRGHV8QOLNH
PDQ\ KDQGFUDIWHG HQFRGHUV LQ RXU DSSURDFK WKH HQFRGHU LV VSHFLILFDOO\ WUDLQHG IRU WKH IDFH LQ DQ
XQVXSHUYLVHGPDQQHUIURPDVHWRIWUDLQLQJIDFHLPDJHV:HKDYHWULHGWKUHHXQVXSHUYLVHGOHDUQLQJPHWKRGV
.PHDQV3&$ WUHH>@DQGUDQGRPSURMHFWLRQWUHH>@:KLOH.PHDQV LVFRPPRQO\XVHGWRGLVFRYHUGDWD
FOXVWHUV UDQGRPSURMHFWLRQ WUHH DQG3&$ WUHH DUH UHFHQWO\ SURYHG HIIHFWLYH IRUYHFWRU TXDQWL]DWLRQ ,Q RXU
LPSOHPHQWDWLRQ UDQGRPSURMHFWLRQ WUHH DQG3&$ WUHH UHFXUVLYHO\ VSOLW WKHGDWDEDVHGRQXQLIRUPFULWHULRQ
ZKLFKPHDQVHDFKOHDIRIWKHWUHHLVKLWE\WKHVDPHQXPEHURIYHFWRUV,QRWKHUZRUGVDOOWKHTXDQWL]HGFRGHV
KDYHDVLPLODUHPHUJHQFHIUHTXHQF\LQWKHYHFWRUVSDFHDVVKRZQLQ)LJXUH
3&$GLPHQVLRQUHGXFWLRQ
,IZHXVHWKHFRQFDWHQDWHGKLVWRJUDPGLUHFWO\DVWKHILQDOGHVFULSWRUWKHUHVXOWLQJIDFHIHDWXUHPD\EHWRR
ODUJH HJ  FRGHVîSDWFK GLPHQVLRQ$ ODUJH IHDWXUH QRW RQO\ OLPLWV WKH QXPEHURI IDFHV
ZKLFKFDQEHORDGHGLQWRPHPRU\EXWDOVRVORZVGRZQWKHUHFRJQLWLRQVSHHG7KLVLVYHU\LPSRUWDQWIRUWKH
DSSOLFDWLRQVWKDWQHHGWRKDQGOHDODUJHQXPEHURIIDFHVIRUH[DPSOHUHFRJQL]LQJDOOIDFHSKRWRVRQDGHVNWRS
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7R UHGXFH WKH IHDWXUH VL]H ZH DSSO\ 3ULQFLSOH &RPSRQHQW$QDO\VLV 3&$ WR FRPSUHVV WKH FRQFDWHQDWHG
KLVWRJUDPDQGFDOOWKHFRPSUHVVHGGHVFULSWRUDVRXUILQDOOHDUQLQJEDVHG/(GHVFULSWRU
7RREWDLQWKHRSWLPDOVHWWLQJIRUWKH/(GHVFULSWRUZHH[WHQVLYHO\ VWXGLHGWKHSDUDPHWHUFRPELQDWLRQRI
FRGH QXPEHU DQG 3&$ GLPHQVLRQ )RU ODUJH FRGH QXPEHU VKRZV OLWWOH SHUIRUPDQFH DGYDQWDJH DIWHU 3&$
FRPSUHVVLRQZHFKRRVHFRGHDQG3&$GLPHQVLRQDVRXUGHIDXOWVHWWLQJLQWKHIROORZLQJH[SHULPHQWV
0XOWLSOH/(GHVFULSWRUV
$VGLVFXVVHGLQ6HFWLRQRXUIOH[LEOHVDPSOLQJPHWKRGHQDEOHVXVWRJHQHUDWHDFODVVRIFRPSOHPHQWDU\
/(GHVFULSWRUVDQGWKHFRPELQDWLRQRIPXOWLSOH/(GHVFULSWRUVPD\DFKLHYHEHWWHUSHUIRUPDQFH,QWKLVSDSHU
ZH WDNH D VLPSOH DSSURDFK E\ WUDLQLQJ D OLQHDU 690 >@ WR FRPELQH WKH VLPLODULW\ VFRUHV JHQHUDWHG E\
GLIIHUHQW/(GHVFULSWRUV*HQHUDOO\WKHFRPELQDWLRQFDQDOZD\VDFKLHYHEHWWHUUHVXOW,QRXUH[SHULPHQWVWKH
FRPELQDWLRQRIIRXU/(GHVFULSWRUVVKRZQLQ)LJXUHREWDLQHGWKHEHVWSHUIRUPDQFHRQWKH/):
3RVHDGDSWLYHPDWFKLQJ
,Q WKHSUHYLRXV VHFWLRQZHXVH'KROLVWLF DOLJQPHQW DQGPDWFKLQJ IRU WKH FRPSDULVRQSXUSRVH ,Q WKLV
VHFWLRQZHZLOOVKRZWKDWDSRVHDGDSWLYHPDWFKLQJDWWKHFRPSRQHQWOHYHOFDQHIIHFWLYHO\KDQGOHODUJHSRVH
YDULDWLRQDQGIXUWKHUERRVWWKHUHFRJQLWLRQDFFXUDF\
&RPSRQHQWOHYHOIDFHDOLJQPHQW
,QVWHDGRIXVLQJD'KROLVWLFVLPLODULW\DOLJQPHQWRQWKHZKROHIDFHZHDOLJQIDFHFRPSRQHQWVVKRZQ
LQ)LJXUHVHSDUDWHO\XVLQJVLPLODULW\WUDQVIRUP)RUHDFKFRPSRQHQWWZRODQGPDUNVDUHVHOHFWHGIURPWKH
ILYHGHWHFWHGILGXFLDO ODQGPDUNVH\HVQRVHDQGPRXWKFRUQHUV WRGHWHUPLQH WKHVLPLODULW\ WUDQVIRUPDWLRQ
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